quantitative evaluation, Fig. 3 shows line analysis profiles of titanium, silicon, oxygen, carbon, iron, chromium, and calcium along the line AB in the SE image of Fig. 2 . From these profiles, it was found that the titanium content varied within about 10% of its maximum. The oxygen content, with a background of about 200 counts, varied remarkably in a range of about 200 to 1,000 counts, corresponding inversely to the distribution of titanium. In addition, iron and chromium were detected, nearly corresponding to the distribution of oxygen, though their contents were low. The iron was not an impurity included in the titanium, but a major component of the 18-8 stainless steel clipping band which was abraded together with the specimen; the distribution of iron corresponded closely to that of chromium.
Nickel, which was not analyzed, could be detected together with the iron and the chromium.
Calcium, which was distributed similarly to the other elements, originated from a filler component included in the embedding resin. We note here that silicon was detected not throughout but in a scattered distribution pattern in several isolated spots.
In order to escape the influence of the stainless steel band and the filler on the contamination, resin-attached specimens were abraded and analyzed. The hard reaction zone4) contaminated by the investment constituent elements was entirely removed by the abrading. Fig. 4 shows the results of the element analysis.
The distributions of titanium and oxygen were qualitatively similar to those shown in Figs. 2 of solute oxygen4), exhibiting Hv values ranging from about 200 to 800 or more. On the other hand, the interior of the casting is relatively soft, with a low solute oxygen content, and Hv values between about 160 to 1806). In Fig. 1 , however, the oxygen content in the reaction zone was apparently low compared with that in the interior of the casting. This means that the hard reaction zone was scarcely contaminated.
Similarly, the work-hardened stainless steel clipping band, which was abraded together with titanium, was not contaminated by titanium, oxygen, silicon, calcium, or carbon (data not shown). These facts suggest that the contamination may be related to the hardness of the specimen, because abrasive grits may be embedded in the surface if the specimen is soft or ductile.
To test this hypothesis, another examination was performed using a type I dental casting gold alloy (55 to 90Hv, ADAS #5). Fig. 6 shows the element distributions on the surface abraded to #600 grit. As described in Fig. 3 , silicon was detected not overall but occasionally, suggesting the possibility that abrasive grits might be embedded in the gold alloy surface. Although the background of oxygen was rather high due to the existence of gold, the distribution of oxygen was obviously different from that shown in Figs. 1 to 4 . This means that the contamination of titanium was related to its reactivity as well as its hardness.
Chemical bond state analysis To determine the properties of the contaminant deposits, chemical bond state analysis was performed focusing on silicon and oxygen.
The results shown in Fig. 7 indicate that the chemical bond state of the silicon was similar to that of silicon carbide or a titanium silicide4), neither silicon oxide nor silicon. The state of the oxygen was close to that of solute oxygen in titanium. Si, and C along the line AB.
X-ray diffraction analysis
In order to identify the contaminant deposits, the abraded surface was analyzed by X-ray diffraction. Fig.  8 shows a chart of diffraction by the Bragg-Brentano method.
In Table  1 
